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(54) Title of Invention: Recording material 
(57) Abstract 

Purpose: To provide a thermal recording material which uses a novel color forming 
reaction and which has excellent preservability and reliability (especially reliability 
with respect to chemicals). 

Constitution: A thermal recording material, characterized in that nitrogen-containing 
heterocyclic compounds such as the compounds shown by the general formulas below, 
or aromatic polyvalent hydroxyl compounds, acidic substances, or carbonyl com- 
pounds and/ or quinone compounds shown by the general formula below are used as 
constitutive elements. 
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N Rl 

(I) 

OCH-<g)-N-^-CHO 

~ * (II) 

Claims: 

(1) A thermal recording material, characterized in that a color forming layer the prin- 
cipal ingredients of which are nitrogen-containing heterocyclic compounds and acidic 
substances is formed on a support. 

(2) A recording material in accordance with Claim (1), characterized in that said ni- 
trogen-containing heterocyclic compounds are compounds shown by general formula 
(I) below: 

N R * 

(I) 

(wherein Ri, R2, R3, and R4 are hydrogen atoms, halogen atoms, optionally substituted 
alkyl groups, optionally substituted aryl groups, or optionally substituted aralkyl 
groups. 

(3) A recording material in accordance with Claim (1), characterized in that carbonyl 
compounds shown by general formula (II) below are compounded into said color 
forming layer: 

OCH-Q-N-Q-CHO 

1 (II) 
(wherein R is a hydrogen atom, alkyl group, phenyl group, or 4-formylphenyl group). 

(4) A recording material, characterized in that a color forming layer the principal in- 
gredients of which are aromatic polyvalent hydroxyl compounds, acidic substances, 
and carbonyl compounds shown by general formula (II) below is formed on a support: 

OCH^N-^CHO 

(II) 

(5) A recording material in accordance with Claim (1) or Claim (4), characterized in 
that quinone compounds are also compounded into said color forming layer. 

(6) A recording material in accordance with Claim (1) or Claim (4), characterized in 
that said acidic substances are compounds which produce thermal decomposition and 
produce acidity when heated. 

(7) A recording material in accordance with Claim (1) or Claim (4), characterized in 
that heat-fusible substances are also compounded into said color forming layer. 
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Detailed Explanation of Invention: 
[0001] 

Field of Use in Industry 

This invention concerns a novel type of recording material; in particular, it con- 
cerns a recording material with excellent image reliability. 

[0002] 

Prior Art 

In general, most thermal recording materials presently consist of heat-sensitive 
recording layers, the principal ingredients of which are electron-donating, colorless or 
lightly colored dye precursors and electron-accepting developers, which are placed on 
supports; by heating them with thermal heads, thermal pens, laser light, etc., the dye 
precursors and developers are made to react instantly and the recorded images are 
obtained. Examples of them are disclosed in Japan Patent Bulletins Nos. 43-4160 and 
45-14039. Such thermal recording materials have the advantages that recordings can be 
obtained with comparatively simple devices, they are easily preserved, and little noise 
is produced, therefore, they are widely used as recording materials for facsimile ma- 
chines, label printers, ticket vending machines, etc. 

[0003] 

Thermal recording materials which use such electron-donating colorless dyes and 
electron-accepting developers have excellent properties, such as color-forming sensi- 
tivities, color densities, etc. However, since they use reversible reactions of leuco dyes, 
they also have undesirable properties, such as the fact that, when the developed im- 
ages are left for long periods, they naturally fade, and they also fade over short periods 
due to contact with chemicals, oils, water, etc., or exposure to light. Examples of ther- 
mal recording materials which use irreversible reactions are metal salt thermal re- 
cording materials which use organic reducing agents, chelating agents, etc., as electron 
donors and organic acid metal salts as electron acceptors, such as those disclosed in 
Japan Patents Nos. 32-877, 34-6485, etc., and thermal recording materials consisting of 
imino and isocyanate compounds, such as those disclosed in Japan Patent Disclosure 
Bulletins Nos. 58-38733 and 58-54085. These thermal recording materials have excellent 
recorded image stability, but they have drawbacks, such as coloration of textured 
parts, color seepage, etc. Furthermore, an example of using acetoxyindole and organic 
salts as color forming materials is given in Japan Patent Disclosure Bulletin No. 
5-38875, but it has not yet reached the practical stage from the point of view of color 
forming ability. 

[0004] 

Problems Which the Invention Seeks to Solve 

The purpose of this invention is to solve the aforementioned problems seen in 
thermal recording materials of the prior art and provide a recording material which 
uses a novel color forming reaction and which has excellent preservability and reli- 
ability. 
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[0005] 

Means for Solving These Problems 

This invention provides the aforementioned recording material, which is charac- 
terized by the fact that a color forming layer the principal ingredients of which are ni- 
trogen-containing heterocyclic compounds and acidic substances is formed on a sup- 
port. In particular, the aforementioned nitrogen-containing heterocyclic compounds 
are compounds shown by general formula (I) below. 

NT * 

(I) 

(wherein Ri, R 2 , R3, and R4 are hydrogen atoms, halogen atoms, optionally substituted 
alkyl groups, optionally substituted aryl groups, or optionally substituted aralkyl 
groups. Or, it provides the aforementioned recording material, which is characterized 
by the fact that carbonyl compounds shown by general formula (II) below are com- 
pounded into said color forming layer. 

OCH-Q-N-Q-CHO 

^ (II) 

(wherein R is a hydrogen atom, alkyl group, phenyl group, or 4-formylphenyl group). 
Moreover, this invention provides a recording material which is characterized by the 
fact that a color forming layer the principal ingredients of which are aromatic polyva- 
lent hydroxyl compounds, acidic substances, and carbonyl compounds shown by 
general formula (II) below is formed on a support. 

OCH-0-N-Q-CHO 

(wherein R is a hydrogen atom, alkyl group, phenyl group, or 4-formylphenyl group). 
Furthermore, this invention provides a recording material which is characterized by 
the fact that quinone compounds are also compounded into the aforementioned color 
forming layer, or the aforementioned acidic substances are compounds which produce 
thermal decomposition and produce acidity when heated, or that heat-fusible sub- 
stances are also compounded into said color forming layer. 

[0006] 

That is, the inventors discovered that, in a recording material in which color 
forming ingredients consisting primarily of aromatic polyvalent hydroxyl compounds 
and acidic substances are developed by, for example, heating, the aforementioned 
problems are solved by also using quinone compounds and/ or compounds with 2 or 
more carbonyl groups in their molecules, shown by general formula (II) above, as 
carbonyl compounds, and thus achieved this invention. The thermal recording mate- 
rial of this invention will be explained by giving specific examples of recording mate- 
rials. 
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Examples of the nitrogen-containing heterocyclic compounds used in this inven- 
tion are indole, isoindole, indazole, carbazole, quinoline, pyridine, isoquinoline, cin- 
nolin, quinazoline, quinoxaline, phthalazine, purine, pyrole, imidazole, pyrazole, etc., 
but indole derivatives shown by general formula (I) below are desirable. 



N R * 
I 

(I) 

Specific examples of Ri, R 2 , R3, and R 4 are hydrogen or halogen (fluorine, chlorine, etc.) 
atoms; alkyl groups, such as methyl, ethyl, propyl, butyl, isopropyl, isobutyl, ter-butyl, 
chloromethyl, hydroxyethyl, methoxyethyl, phenoxyethyl, pyridylethyl, dichloro- 
phenoxyethyl, etc., groups which are optionally substituted with halogen atoms or 
carbonyl, cyano, alkoxycarbonyl, oxa, aryloxycarbonyl, substituted amino, hydroxyl, 
etc., groups; alkyl groups, such as phenyl, tolyl, chlorophenyl, methoxyphenyl, ace- 
tylphenyl, cyanophenyl, hydroxyphenyl, trifluoromethylphenyl, methanesulfonyl- 
phenyl, naphthyl, nitrophenyl, etc., groups; phenyl or naphthyl groups which are op- 
tionally substituted with one or more alkoxy or aryloxy groups, halogen atoms, or 
cyano, nitro, acyl, arylsulfonyl, hydroxyl, carbonyl, etc., groups; alkyl groups, such as 
benzyl, phenetyl, chlorobenzyl, dichlorobenzyl, nitrobenzyl, hydroxybenzyl, methyl- 
benzyl, cyanobenzyl, methoxybenzyl, etc., groups; and aralkyl groups which are op- 
tionally substituted with one or more alkoxy groups, halogen atoms, or cyano, nitro, 
hydroxyl, etc., groups. 

[0008] 

The following compounds are examples of the compounds shown by general 
formula (I), but they are not limited to these: indole, 1 -methyl indole, 1-ethylindole, 

1- phenylindole, 1-benzylindole, 1,2-dimethylindole, l-methyl-2-phenylindole, 

2- methylindole, 3-methylindole, 2-phenylindole, 2-hydroxyphenylindole, 
2-benzylindole, 3-phenylindole, 3-benzylindole, l-methyl-2-ethylindole, 
1,3-dimethylindole, 2,3-dimethylindole, 2,5-dimethylindole, 5-chloroindole, 
5-chloro-l,2-dimethylindole, 5-chloro-l-methyl-2-phenylindole, 5-hydroxy indole, 
5-hydroxy-l,2-dimethylindole, 5-methoxy-l,2-dimethylindole, 
l-methyl-2-chloromethylindole, l-methyl-2-tolylindole, etc. 

[0009] 

Examples of the aromatic polyvalent hydroxyl compounds used in this invention 
are resorcin, hydroquinone, pyrogallol, phloroglucin, hydroxyhydroquinone, pyro- 
gallol-4-carboxylic acid, phloroglucin carboxylic acid, dihydroxynaphthalene, etc. 
[0010] 

Furthermore, the acidic substances used in this invention may be protonic acids 
and Lewis acids which are generally used. Specific examples of them are carboxylic 
acids; sulfur-containing acids, such as sulfonic acid and sulfinic acid; phospho- 
rus-containing acids, such as phosphoric acid; and metal salt compounds. More spe- 
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cific examples are: dinitrobenzoic acid, dichlorobenzoic acid, dihydroxybenzoic acid, 
salicylic acid, acetylsalicylic acid, maleic acid, benzoic acid, cyanobenzoic acid, nitro- 
benzoic acid, trifluoromethylbenzoic acid, methoxybenzoic acid, chlorobenzoic acid, 
aminobenzoic acid, hydroxybenzoic acid, naphthoic acid, 

3,4-dihydroxyphenyl^'-tolylsulfone, benzene sulfonic acid, toluene sulfonic acid, 
benzyl sulfinic acid, toluene sulfinic acid, mesitylene sulfonic acid, diphenylphos- 
phonic acid, phenylphosphonic acid, phenylphosphonous acid, phenylphosphoric 
acid, phenylphosphinic acid, zinc salicylate, zinc chloride, zinc bromide, aluminum 
chloride, nitrophthalic acid, nitroisophthalic acid, gallic acid, trifluoromethylphthalic 
acid, methanesulfonic acid, ethanesulfonic acid, hydroxybenzenesulfonic acid, nitro- 
benzenesulfonic acid, chlorobenzenesulfonic acid, methanesulfinic acid, ethanesulfinic 
acid, hydroxybenzenesulfinic acid, nitrobenzenesulfinic acid, chlorobenzenesulfinic 
acid, etc. 

[0011] 

Furthermore, compounds which produce thermal decomposition and produce 
acidity when heated can be used in this invention. Examples of such compounds are 
sulfonic acid ester compounds, aromatic acetyloxy compounds, etc.; however, sulfonic 
acid esters with heat decomposition temperatures of 60°C or higher are especially de- 
sirable. Examples of sulfonic acid ester compounds with heat decomposition tem- 
peratures of 60°C or higher used in this invention are organic sulfonic acids, such as 
benzenesulfonic acid, p-toluenesulfonic acid, 4-bromobenzenesulfonic acid, 
4-methoxybenzenesulf onic acid, 4-benzyloxybenzenesulf onic acid, 
P-naphthalenesulfonic acid, 1,3-benzenedisulfonic acid, methanesulfonic acid, 
ethanesulfonic acid, 2-nitrobenzenesulfonic acid, 3-nitrobenzenesulfonic acid,' 
4-nitrobenzenesulfonic acid, etc.; and ester compounds, such as methanol, ethanol, 
propanol, isopropanol, 2-phenylethanol, 1-phenylpropanol, butanol, isobutanol, sec- 
ondary butanol, tertiary butanol, amyl alcohol, cyclohexanol, 2-methylhexanol, 
4-methylhexanol, 4-tertiary butylcyclohexanol, 2-cyclohexanol, 4-cyclohexanol, 
2,6-dimethylcyclohexanol, benzhydrol, 1-phenylethanol, 2,3-dihydroinden-2-ol, 
2-phenyl-l,3-dioxan-5-ol, ethylene glycol, diethylene glycol, propylene glycol, 
2,2-dimethyl-l,3-propanediol, 1,4-butanediol, 2,3-butanediol, 2,5-hexanediol, 
1,2-cyclohexanediol, 1,3-cyclohexanediol, 1,4-cyclohexanediol, 
2,2-bis (4-cy clohexy l)pr opane, etc . 

[0012] 

Further specific examples are cyclohexyl-p-toluene sulfonate, cyclohexylbenzene 
sulfonate, cyclohexyl-o-nitrobenzene sulfonate, cyclohexyl-m-nitrobenzene sulfonate, 
cyclohexyl-p-nitrobenzene sulfonate, cyclohexyl-0-naphthalene sulfonate, cyclo- 
hexylmethane sulfonate, 2-methylcyclohexyl-p-toluene sulfonate, 

2-methylcyclohexylbenzene sulfonate, 2-methylcyclohexyl-o-nitrobenzene sulfolate, 
2-methylcyclohexyl-m-nitrobenzene sulfonate, 2-methylcyclohexyl-p-nitrobenzene 
sulfonate, 2-methylcyclohexyl-P-naphthalene sulfonate, 2-methylcyclohexylmethane 
sulfonate, 2-cyclohexylcyclohexyl-p-toluene sulfonate, 2-cyclohexylcyclohexyl benzene 
sulfonate, 2-cyclohexylcyclohexyl-o-nitrobenzene sulfonate, 
2-cyclohexylcyclohexyl-m-nitrobenzene sulfonate, 
2-cyclohexylcyclohexyl-p-nitrobenzene sulfonate, 

2-cyclohexylcyclohexyl-p-naphthalene sulfonate, 2-cy clohexy Icy clohexy lmethane sul- 
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fonate, 4-tertiary butylcyclohexyl-p-toluene sulfonate, 4-tertiary butylcyclohexylben- 
zene sulfonate, 4-tertiary butylcyclohexyl-o-nitrobenzene sulfonate, 4-tertiary butylcy- 
clohexyl-m-nitrobenzene sulfonate, 4-tertiary butylcyclohexyl-p-nitrobenzene sul- 
fonate, 4-tertiary butylcyclohexyl-0-naphthalene sulfonate, 4-tertiary butyl cyclo- 
hexylmethane sulfonate, 1,3-cyclohexylene bis(p-toluene sulfonate), 1,3-cyclohexylene 
bis(benzene sulfonate), 1,3-cyclohexylene bis(o-nitrobenzene sulfonate), 

1.3- cycohexylene bis(m-nitrobenzene sulfonate), 1,3-cyclohexylene bis(p-nitrobenzene 
sulfonate), 1,3-cyclohexylene bis(methane sulfonate), 1,3-cyclohexylene 
bis(0-naphthalene sulfonate), 1,4-cyclohexylene bis(p-toluene sulfonate), 

1.4- cyclohexylene bis (benzene sulfonate), 1,4-cyclohexylene bis(o-nitrobenzene sul- 
fonate), 1,4-cyclohexylene bis(m-nitrobenzene sulfonate), 1,4-cyclohexylene 
bis(p-nitrobenzene sulfonate), 1,4-cyclohexylene bis(methane sulfonate), 
1,4-cyclohexyene bis(p-naphthalene sulfonate), 2,3-butylene bis(p-toluene sulfonate), 
2,3-butylene bis(benzene sulfonate), 2,3-butylene bis(o-nitrobenzene sulfonate), 
2,3-butylene bis (m- nitrobenzene sulfonate), 2,3-butylene bis(p-nitrobenzene sulfonate), 
2,3-butylene bis(methane sulfonate), 2,3-butylene bis(P-naphthalene sulfonate), di- 
phenylmethane-p-toluene sulfonate, diphenylmethanebenzene sulfonate, diphenyl- 
methane-o-nitrobenzene sulfonate, diphenylmethane-m-nitrobenzene sulfonate, di- 
phenylmethane-p-nitrobenzene sulfonate, diphenylmethane sulfonate, diphenyl- 
methane-p-naphthalene sulfonate, 1-phenylethyl-p-toluene sulfonate, 
1-phenylethylbenzene sulfonate, 1-phenylethyl-o-nitrobenzene sulfonate, 
1-phenylethyl-m-nitrobenzene sulfonate, 1-phenylethyl-p-nitrobenzene sulfonate, 
1-phenylethylmethane sulfonate, 1-phenylethyl-p-naphthalene sulfonate, 
4-cyclohexylcyclohexylbenzene sulfonate, 2-phenyl-l,3-dioxan-5-ylbenzene sulfonate, 
2,3-dihydroinden-2-ylbenzene sulfonate, etc. 

[0013] 

Examples of carbonyl compounds shown by general formula (II) below which can 
be used in this invention are bis(4-formylphenyl)methylamine, 
bis(4-formylphenyl)ethylamine, bis (4-formylphenyl) amine, and 

tris(4-formylphenyl)amine; these compounds are obtained by the synthesis method 
shown in USP 2,558,285. 

(wherein R is a hydrogen atom, alkyl group, phenyl group, or 4-formylphenyl group). 
[0014] 

By using quinone compounds, also, as color forming ingredients in the thermal 
recording material of this invention, images with higher reliability can be obtained. 
Specific examples of the quinone compounds which can be used are compounds 
shown by general formula (III) below 
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(wherein Ri-Rs are halogen atoms or cyano, nitro, carboxyl, alkoxycarbonyl, aryloxy- 

carbonyl, aralkyloxycarbonyl, alkylsulfonyl, and allylsulfonyl groups). 

[0015] 

Specific examples of these compounds are benzoquinone, naphthoquinone, an- 
thraquinone, chloranil, 2-methylnaphthoquinone, dichloronaphthoquinone, 
chloranilic acid, dibenzoylbenzoquinone, dicyanodichlorobenzoquinone, tetracyano- 
quinone, dibromodicyanoquinone, tetrabromoquinone, tetramethoxycarbonylbenzo- 
quinone, tetraphenoxycarbonylbenzoquinone, dibenzyloxydichlorobenzoquinone, 
and diethoxycarbonyldiphenylsulfonylbenzoquinone. 
[0016] 

Moreover, the heat sensitivity of the heat-sensitive recording material of this in- 
vention can be increased by using heat-fusible compounds as color forming ingredi- 
ents as well. Desirable heat-fusible compounds which can be used are heat-fusible 
compounds which have been used in conventional leuco type heat-sensitive recording 
materials and phenol compounds which have been used as color developers. Espe- 
cially when compounds which produce thermal decomposition and produce acidity 
when heated are used as acidic substances, the effect can be expected that the decom- 
position is accelerated in an acidic atmosphere; therefore, it is desirable to use phenol 
compounds. In this case, organic carboxylic acids other than phenol compounds can 
also be used. 

[0017] 

Specific examples of these heat-fusible compounds are 4,4'-isopropylidene 
bisphenol, 4,4'-diphenolsulfone, 4-isopropoxy-4'-hydroxydiphenylsulfone, 
4-benzyloxy-4'-hydroxydiphenylsulfone, bis(4-hydroxy-3-allylphenyl)sulfone, benzyl 
4-hydroxybenzoate, methyl bis (4-hydroxy phenyl) acetate, benzyl 
bis(4-hydroxyphenyl) acetate, bis(4-hydroxy-3-methylphenyl) sulfide, 
l,7-bis(4-hydroxyphenylthio)-3,5-dioxaheptane, 3,4-dihydroxy-4'-methylsulfone, 
2,4'-diphenolsulfone, l,3-bis(4-hydroxycumyl)benzene, benzyl protocatechuic acid, 
l,3-bis(4-hydroxyphenylthio)propane, 

l,3-bis(4-hydroxyphenylthio)dihydroxypropane, stearic acid amide, p-benzylbiphenyl, 
triphenylmethane, benzyl p-benzyloxybenzoate, phenyl l-hydroxy-2-naphthoate, di- 
phenyl carbonate, dibenzyl terephthalate, dibenzyl oxalate, oxalic acid (p-tolylmethyl) 
ester, l,4-bis(2-vinyloxyethoxy)benzene, l,4-bis(phenoxy) ethane, phenyl p-toluene 
sulfonate, etc. 

[0018] 

The thermal recording material of this invention can be made by finely dispersing 
nitrogen-containing heterocyclic compounds or aromatic polyvalent hydroxyl com- 
pounds and acidic substances, ordinarily in water, to form a coating liquid which is 
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used to coat a support. Therefore, binders are ordinarily used in the coating liquids of 
the heat-sensitive color forming layer of this invention; these binders may be starches, 
hydroxyethyl cellulose, carboxymethyl cellulose, gelatin, casein, gum Arabic, polyvi- 
nyl alcohol, carboxyl-modified polyvinyl alcohol, diisobutylene/maleic anhydride 
copolymer salts, sty rene/ maleic anhydride copolymer salts, ethylene/ acrylic acid co- 
polymer salts, styrene/ acrylic acid copolymer salts, styrene/ butadiene copolymer 
emulsions, urea resins, melamine resins, amide resins, etc. 

[0019] 

Furthermore, various kinds of auxiliary agents can be added to the coating liquid, 
if desired. For example, one can use suitable dispersing agents, such as sodium dioc- 
tylsulfosuccinate, sodium dodecylbenzenesulfonate, lauryl alcohol sulfuric acid esters, 
and fatty acid metal salts; ultraviolet absorbents, such as benzophenone ultraviolet 
absorbents; and other foam quenchers, fluorescent dyes, colorant dyes, etc. Further- 
more, if desired, one can add waxes, such as zinc stearate, calcium stearate, polyeth- 
ylene wax, carnauba wax, ester waxes, etc., and inorganic pigments, such as kaolin, 
clay, talc, calcium carbonate, fired kaolin, titanium oxide, diatomaceous earth, etc. 
[0020] 

The supports which can form the heat-sensitive recording material of this inven- 
tion include paper, films, synthetic paper, etc. 

[0021] 

Moreover, the heat sensitivity can be greatly increased in this invention by 
forming a middle layer, the principle ingredient of which is plastic spherical hollow 
particles consisting of a thermoplastic resin, between the support and the 
heat-sensitive color forming layer. The middle layer of this invention, the principle 
ingredient of which is plastic spherical hollow particles, is used as an insulating layer; 
it has the effect of efficiently using the heat energy. The hollow particles used in this 
case are micro hollow particles which are already in a foam state and which have a 
thermoplastic resin as their shells, inside of which is air or another gas. Ones with av- 
erage diameters of 2-10 urn can be used. For the thermoplastic resins which are used as 
the shells, copolymer resins which have vinylidene chloride and acrylonitrile as their 
principal ingredients are desirable. 

[0022] 

Working Examples 

Next, this invention will be explained in further detail by working examples. 
Furthermore, the percentages and parts used below are on a weight basis. Liquids A, B, 
C, D, E, F, and G were prepared by dispersing mixtures with the following composi- 
tions using a magnetic ball mill. 

Liquid A 

Compound shown by (A) in Table 1 10 parts 

10% Polyvinyl alcohol aqueous solution 10 parts 

Water 30 par ts 

Liquid B 
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Compound shown by (B) in Table 1 10 parts 

10% Polyvinyl alcohol aqueous solution 10 parts 

Water 30 parts 
Liquid C 

Compound shown by (C) in Table 1 10 parts 

10% Polyvinyl alcohol aqueous solution 10 parts 

Water 30 parts 
Liquid D 

Compound shown by (D) in Table 1 10 parts 

10% Polyvinyl alcohol aqueous solution 10 parts 

Water 30 par ts 
Liquid E 

Chloranil 10 parts 

10% Polyvinyl alcohol aqueous solution 10 parts 

Water 30 parts 
Liquid F 

Calcium carbonate 10 parts 

10% Polyvinyl alcohol aqueous solution 10 parts 

Water 30 parts 
Liquid G 

Zinc stearate 10 parts 

10% Polyvinyl alcohol aqueous solution 10 parts 

Water 30 parts 



[0023] 

Working Examples 1-13 

Liquids A-G were mixed in the proportions A:B:D:E:F:G = 1:1:6:1:3:1 to prepare a 
heat-sensitive coating liquid. This liquid was applied to a support consisting of paper 
with a weight of 52 g/m 2 , so that the quantity adhering to the support was 14 g/m 2 . 
After drying, a calendering treatment was performed so that the Beck smoothness de- 
gree became 500-3000 seconds. In this way the heat-sensitive recording materials of the 
various working examples were produced. 

[0024] 

Working Examples 14-19 

Heat-sensitive recording materials were produced in the same manner as in 
Working Examples 1-13 except that liquids A-G were mixed in the proportions 
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A:B:C:D:E:F:G = 1:1:4:2:1:3:1 to prepare the heat-sensitive coating liquid. 
[0025] 

Comparison Example 1 

The heat-sensitive recording material of Comparison Example 1 was produced in 
the same manner as in Working Example 1 except that water was used instead of liquid 

[0026] 

Comparison Example 2 

The heat-sensitive recording material of Comparison Example 1 was produced in 
the same manner as in Working Example 1 except that water was used instead of liquid 

[0027] 

Comparison Example 3 

Liquids H and I were prepared by dispersing the compounds shown in the 
compositions below using a magnetic ball mill. 

Liquid H 

3-Dibutylamino-6-methyl-7-anilinofluoran 10 parts 

10% Polyvinyl alcohol aqueous solution 10 parts 

Water 30 parts 

Liquid I 

Bisphenol A 10 parts 

10% Polyvinyl alcohol aqueous solution 10 parts 

Water 30 parts 

Next, a heat-sensitive coating liquid was prepared by mixing liquids H, I, F, and G in 
the proportions H:I:F:G = 1:3:4:1 on a support consisting of paper with a weight of 52 
g/ m 2 , so that the quantity adhering to the support was 52 g/m 2 . After drying, a cal- 
endering treatment was performed so that the Beck smoothness degree became 
500-3000 seconds. In this way the heat-sensitive recording material of Comparison 
Example 3 was produced. 

[0028] 

Comparison Example 4 

The heat-sensitive recording material of Comparison Example 4 was produced in 
the same manner as in Comparison Example 1 except that 

bis(3-allyl-4-hydroxyphenyl)sulfone was used instead of the bisphenol A in Liquid I. 
[0029] 

Comparison Example 5 

The heat-sensitive recording material of Comparison Example 5 was produced in 
the same manner as in Comparison Example 1 except that 
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4-hydroxy-4'-isopropoxydiphenyl sulfone instead of the bisphenol in Liquid I. 
[0030] 

The tests shown below were performed on the heat-sensitive recording materials 
of the working and comparison examples prepared as shown above. The results are 
shown in Table 1 . 

Color forming ability: The image densities and background densities when colors 
were formed under the conditions of 150°C, 2 kg/ cm 2 , and 1 second, using a thermal 
gradient tester (Toyo Seiki Co.), were measured with a Macbeth densitometer RD-914. 

Reliability: Test pieces were printed under the printing conditions mentioned above, 
cottonseed oil and DO A were applied to them, and they were left for 16 hours at 40°C. 
After this, the image and background densities were measured with a Macbeth densi- 
tometer. Furthermore, after the pieces were immersed in water for 16 hours, at room 
temperature, the densities of the image and background parts were measured with a 
Macbeth densitometer. 
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[0033] 

Effectiveness of the Invention 

As is clear from comparing the working and comparison examples above, the 
heat-sensitive recording material of this invention is a heat-sensitive recording material 
using a novel color developing reaction which is characterized by the fact that color 
forming ingredients consisting of nitrogen-containing heterocyclic compounds or 
aromatic polyvalent hydroxyl compounds and acidic substances or, in addition, 
quinone compounds or carbonyl compounds with 2 or more carbonyl groups per 
molecule as constituent elements are developed by heating. The drawbacks of con- 
ventional heat-sensitive recording materials using electron-donating colorless dyes 
and electron-accepting developers are eliminated, and the reliability with respect to 
chemicals is excellent. The explanation of this invention which was given above cen- 
tered on a heat-sensitive recording material, but the recording material of this inven- 
tion can also be applied to other recording materials. 
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